Background {#section1-2040622319830646}
==========

Hidradenitis suppurativa (HS) is a chronic inflammatory disease of the skin, manifesting in chronic, recurrent, painful pustules, nodules, boils and purulent draining abscesses.^[@bibr1-2040622319830646]^ It commonly affects the flexural areas of the axillae, sub-mammary folds, inguinal and gluteal regions. It has an estimated prevalence of 1--4%^[@bibr2-2040622319830646]^ similar to other common dermatoses such as atopic dermatitis and psoriasis. Representative clinical manifestations of HS are presented in [Figure 1](#fig1-2040622319830646){ref-type="fig"}.

![Clinical manifestations of hidradenitis suppurativa (HS) demonstrating inflammatory nodules in Hurley Stage 1 disease (top left), sinus tracts and inflammatory nodules separated by largely normal skin (Hurley Stage 2) (top right); widespread scarring inflammation and interconnected sinus tracts (Stage 3), (Bottom left) and follicular scarring and double ended comedones in PASH (Pyoderma Gangrenosum, Acne Congolobata and Suppurative Hidradenitis) Syndrome (Bottom right).](10.1177_2040622319830646-fig1){#fig1-2040622319830646}

HS affects women three times more than men, with those of lower socioeconomic status disproportionately affected.^[@bibr1-2040622319830646],[@bibr2-2040622319830646]^ Up to one-third of cases of HS are associated with pathogenic sequence variants identified in gamma secretase subunits as well as the inflammatory pathways associated with autoinflammatory diseases.^[@bibr3-2040622319830646]^ Cigarette smoking, obesity, diabetes, inflammatory bowel disease and arthritis are all associated with HS.^[@bibr1-2040622319830646],[@bibr2-2040622319830646]^ It has a significant impact upon quality of life, psychosexual function, and represents a notable financial and clinical burden on healthcare systems.^[@bibr4-2040622319830646]^ Potential complications include secondary infection, hypertrophic scarring, development of squamous cell carcinoma, chronic pain, psychological and psychosexual complications.^[@bibr1-2040622319830646]^ It is well documented that a lack of awareness and effective treatments contribute to diagnostic delay in HS, with an average of 7 years between onset and diagnosis.^[@bibr5-2040622319830646]^ For many years, HS has been considered an orphan disease with very few effective treatments available. Diagnostic criteria for the disease are presented in [Table 1](#table1-2040622319830646){ref-type="table"}.

###### 

Diagnostic criteria for HS as defined by the European S1 guideline for the treatment of HS/acne inversa.^[@bibr6-2040622319830646]^ The presence of primary positive diagnostic criteria (either history or signs) are required and the presence of secondary positive diagnostic criteria are supportive of the diagnosis of HS.

![](10.1177_2040622319830646-table1)

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Primary positive diagnostic criteria:
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------
  • History: More than two recurrent, painful or suppurating lesions over a period of 6 months\
  • Signs: Involvement of axilla, genitofemoral area, perineum, gluteal area and inframammary area of women. Presence of nodules, sinus tracts, abscesses, scarring.

  Secondary positive diagnostic criteria:

  • History: A family history of HS\
  • Microbiology: A negative swab or presence of normal skin microbiota may be indicative of HS.
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------

HS, hidradenitis suppurativa.

Over the past decade, a flourish of basic and clinical research has led to an increase of awareness of HS, and the treatment options for patients. Recent United States Food and Drug Administration (US FDA) approval of adalimumab for HS^[@bibr7-2040622319830646]^ has led to an increase in treatment options for disease control. However, our understanding of the disease pathogenesis remains incomplete.^[@bibr8-2040622319830646]^ Multiple ongoing trials are testing existing monoclonal antibodies with the hope of identifying effective therapies and providing insight into the pathogenic mechanisms underlying HS.^[@bibr9-2040622319830646],[@bibr10-2040622319830646]^ Whilst 'trial by therapy' does not systematically analyze the cellular mechanism underlying HS, alterations in the disease state can give inferential data regarding the role of specific inflammatory pathways in HS. Such data have challenged the existing pathogenic paradigm in HS. Currently, HS is considered a disease of follicular occlusion, which leads to the rupture and dermal seeding of bacteria and cellular debris^[@bibr1-2040622319830646],[@bibr12-2040622319830646]^ leading to the influx of inflammatory cells and mediators. The response of HS to anti-inflammatory therapies has suggested that follicular occlusion may be a secondary phenomenon due to an aberrant inflammatory response to the cutaneous microbiome.^[@bibr8-2040622319830646]^ A schematic illustration of inflammatory pathways in HS is presented in [Figure 2](#fig2-2040622319830646){ref-type="fig"}.

![Pathogenesis of hidradenitis suppurativa and site of action of reported treatment modalities.](10.1177_2040622319830646-fig2){#fig2-2040622319830646}

The purpose of this review is to provide a comprehensive overview of available treatment options in HS and to discuss the pharmacological mechanisms through which these agents function. This review aims to include a variety of therapies used in HS, not only those used by dermatologists, or those supported by clinical evidence, due to the fact that a paucity of high-level clinical evidence exists to guide treatment decisions in HS. Evaluations of the level of evidence for HS therapies are available from other high-quality publications.^[@bibr6-2040622319830646],[@bibr13-2040622319830646]^ Through this broad review of therapies, we aim to identify common mechanistic pathways among these agents, allowing us to present an updated, testable model of HS and its immunopathogenesis and identify potential future therapeutic targets.

Topical therapies in HS {#section2-2040622319830646}
=======================

Topical therapy is seen as the mainstay of treatment in mild to moderate HS,^[@bibr6-2040622319830646]^ although the level of evidence for its use is low^[@bibr13-2040622319830646]^ ([Table 2](#table2-2040622319830646){ref-type="table"}). A variety of topical medicaments with biocidal as well as anti-inflammatory mechanisms are used, with varying degrees of benefit dependent upon disease severity. It is likely that individual patient factors (including the relative contribution of the microbiome to inflammation in HS) may alter the response to topical therapy. Observed benefits include reducing the frequency of secondary infection^[@bibr14-2040622319830646]^ but little evidence exists as to their efficacy in reducing flares of nodules, pustules, abscesses or preventing progression to more severe disease.

###### 

Topical therapies reported in HS and descriptions of antibacterial, keratolytic and anti-inflammatory effects. The associated quality of evidence supporting the use of topical therapies is reported in the far-right hand side column.
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  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Topical therapy       Mechanism(s) of action                                                     Quality of evidence^[@bibr15-2040622319830646]^                                                                                                                              
  --------------------- -------------------------------------------------------------------------- --------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------ ---
  Chlorhexidine         Cell wall binding K+ efflux\                                               Nil                                                 Nil                                                                                                                      C
                        Poor effect on biofilm                                                                                                                                                                                                                                  

  Povidone iodine       Free radical oxidation of DNA/RNA/membrane proteins\                       Nil                                                 Inhibition of MMP production, TNF-α                                                                                      C
                        Some biofilm activity                                                                                                                                                                                                                                   

  Pyrithione zinc       Bacteriostatic and antifungal: disruption of ATP and protein synthesis.\   Nil evidence                                        Only in the presence of intracellular zinc ions. Can increase TNF-α and HSP-70 in keratinocytes at high concentrations   C
                        Modulates cellular copper influx.\                                                                                                                                                                                                                      
                        Effect against yeast biofilms                                                                                                                                                                                                                           

  Hydrogen peroxide     Free Radical Oxidation of DNA/RNA/Membrane proteins\                       Possible direct oxidation: nil evidence             Decrease ubiquination in NFκB pathway but higher concentrations display deleterious effects                              C
                        Some biofilm activity                                                                                                                                                                                                                                   

  Sodium hypochlorite   Free radical oxidation of DNA/RNA/membrane proteins\                       Possible direct oxidation: nil evidence             Decreases NF-κB signaling                                                                                                C
                        High biofilm activity                                                                                                                                                                                                                                   

  Triclosan             Disruption of bacterial wall synthesis                                     Nil                                                 Downregulates TLR signaling, IL-6, IL-1ß expression                                                                      C

  Clindamycin           Bacteriostatic effect 50S ribosomal binding                                Nil                                                 NF-κB and AP-1 gene expression, regulation of macrophage function., reduction in expression of virulence factors         C

  Azelaic Acid          Bacteriostatic and antifungal                                              Nil                                                 Modulation of PPAR-γ function, reduction in IL-6, IL-1ß TNF activity                                                     C

  Retinoids             Nil                                                                        Indirect effect through AP-1 and NF-κB modulation   NF-κB and AP-1 modulation,\                                                                                              C
                                                                                                                                                       TLR2, MMP1 and MMP9 downregulation                                                                                       

  Resorcinol            Membrane damage and K+ efflux                                              Minor at reported concentrations                    Reported but mechanisms not described                                                                                    C
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AP-1, activator protein 1; ATP, adenosine triphosphate; HS, hidradenitis suppurativa; IL, interleukin; MMP, matrix metalloproteinase; NF-κB, nuclear factor kappa B; PPAR, peroxisome proliferator-activated receptor; TNF, tumor necrosis factor; TLR, Toll-like receptor.

Chlorhexidine {#section3-2040622319830646}
-------------

Chlorhexidine is a biguanide broad spectrum biocide, the efficacy of which is highly pH dependent, with a maximum effect occurring within 20 s.^[@bibr16-2040622319830646]^ Even in high concentrations, decreased biocidal activity was seen in the presence of biofilms \[including *Pseudomonas* sp., *methicillin-resistant Staphylococcus aureus* (MRSA) and *Escherichia coli*\].^[@bibr17-2040622319830646]^ Given the established association of biofilms^[@bibr18-2040622319830646]^ and Gram-negative bacteria (*Porphyromonas* and *Peptidophillus* sp.)^[@bibr19-2040622319830646]^ with disease activity in HS, chlorhexidine may reduce the stimulation of the immune system by resident bacteria, but not in the presence of biofilms. Clinical evidence for the use of chlorhexidine is low, and benefit is derived only from reducing the incidence of bacterial resistance compared with oral antibacterial therapy.^[@bibr14-2040622319830646]^

Topical povidone iodine {#section4-2040622319830646}
-----------------------

Povidone iodine is reported in the treatment of HS.^[@bibr20-2040622319830646]^ It demonstrates rapid bactericidal, tuberculocidal and viricidal effects through the release of free iodine radicals which attack free amino acids (methionine and cysteine).^[@bibr16-2040622319830646]^ This results in destabilization of membrane fatty acids through reactions with unsaturated carbon bonds. Free oxidation of other vital pathogen structures (phospholipid, DNA/RNA/membrane-bound proteins) also occurs.^[@bibr21-2040622319830646]^ Iodine also has multiple anti-inflammatory properties which function through the inhibition of matrix metalloproteinase (MMP) production, reduction in plasmin activity, and inhibition of tumor necrosis factor alpha (TNF-α).^[@bibr21-2040622319830646]^ The role of MMP and TNF-α in HS^[@bibr8-2040622319830646]^ may partially explain the effect. Surprisingly little published evidence surrounding the use of oral Saturated Solution of Potassium Iodide (SSKI) for HS and this would be an area to explore further in controlled clinical trials.

Topical pyrithione zinc {#section5-2040622319830646}
-----------------------

Pyrithione zinc is a coordination complex of zinc present in a number of anti-dandruff products. It has fungistatic and bacteriostatic properties which function *via* the disruption of adenosine triphosphate (ATP) levels and protein synthesis.^[@bibr22-2040622319830646]^ Pyrithione zinc may also have some anti-inflammatory properties. Intracellular zinc can modulate the lipopolysaccharide (LPS)-stimulated maturation of dendritic cells *via* Toll-like receptors (TLRs);^[@bibr23-2040622319830646]^ however, the action of pyrithione zinc is dependent upon adequate intracellular zinc and excessive concentrations can exert a proinflammatory effect.^[@bibr24-2040622319830646]^ The clinical significance of the anti-inflammatory mechanisms of zinc is unclear as there is no evidence correlating the intake of dietary zinc to serum inflammatory markers in epidemiological studies.^[@bibr25-2040622319830646]^ Other concerns include the pro-estrogenic action of zinc pyrithione (ER bioactivity = 0.237) which is comparable to the clinically relevant exposure to butyl parabens (ER bioactivity = 0.251).^[@bibr26-2040622319830646]^

Hydrogen peroxide {#section6-2040622319830646}
-----------------

Hydrogen peroxide is a widely available biocide with nonspecific activity against viruses, bacteria, yeasts and spores.^[@bibr16-2040622319830646]^ It has greater activity against Gram-positive organisms; however, catalase positive organisms are more resistant at lower concentrations.^[@bibr16-2040622319830646]^ The risk of air emboli has been reported when hydrogen peroxide is used in highly vascular enclosed cavities in hypovolemic patients. However, this complication has not been reported in HS patients. Hydrogen peroxide is 266-times less effective against biofilms than free bacteria,^[@bibr27-2040622319830646]^ however efficacy can be increased with short contact times and novel irrigation methods in HS.^[@bibr28-2040622319830646]^ Its use is reported in HS^[@bibr28-2040622319830646]^ but no formal clinical studies have been undertaken. Alcohol-based formulations require longer exposure times to achieve the same bactericidal activity.^[@bibr16-2040622319830646]^ Anti-inflammatory effects have been described *in vitro* through decreased ubiquitination in the nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) pathway leading to a reduction in TLR4 signaling after LPS stimulation at low concentrations.^[@bibr29-2040622319830646],[@bibr30-2040622319830646]^ However, increased apoptosis and oxidative stress were observed at higher concentrations.^[@bibr31-2040622319830646]^

Bleach baths (sodium hypochlorite solution) {#section7-2040622319830646}
-------------------------------------------

Dilute bleach baths (sodium hypochlorite) are a well-established antimicrobial and anti-inflammatory treatment for atopic dermatitis,^[@bibr31-2040622319830646]^ and its use has been extended to include HS. Dilute sodium hypochlorite is bactericidal *via* direct oxidative reactions with bacterial proteins as well as inhibition of bacterial growth with as little as 5 min of exposure.^[@bibr16-2040622319830646]^ DNA synthesis is much more sensitive to sodium hypochlorite than protein synthesis at low concentrations^[@bibr32-2040622319830646]^ and this is the likely mechanism in HS. It demonstrates some activity against biofilms, but has incomplete bactericidal activity even at high concentrations.^[@bibr33-2040622319830646],[@bibr34-2040622319830646]^ No clinical studies have estimated the efficacy of bleach baths in HS; however, it may have anti-inflammatory activity mediated *via* modulation of NF-κB signaling^[@bibr32-2040622319830646],[@bibr35-2040622319830646]^

Triclosan {#section8-2040622319830646}
---------

Triclosan is a halogenated bisphenol derivative with broad spectrum bactericidal activity (excluding *Pseudomonas* sp.).^[@bibr36-2040622319830646],[@bibr37-2040622319830646]^ It achieves this through disruption of bacterial cell wall synthesis.^[@bibr16-2040622319830646],[@bibr37-2040622319830646]^ The efficacy of triclosan is highly dependent upon the formulation used, and increased potency is known to occur with ethylenediaminetetraacetic acid (EDTA).^[@bibr16-2040622319830646]^ Triclosan is recommended in the HS literature for Hurley stage 1 and 2 disease.^[@bibr38-2040622319830646]^ Triclosan exerts an anti-inflammatory effect independent of bactericidal activity *via* downregulation of LPS-stimulated TLR signaling with subsequent reduction in interleukin (IL)-6 and IL-1ß gene expression.^[@bibr36-2040622319830646]^ Although triclosan monotherapy has poor activity against *Pseudomonas* sp., it has an adjuvant role in *Pseudomonas* biofilms when combined with oral aminoglycosides.^[@bibr39-2040622319830646]^ The activity of triclosan as an adjuvant therapy in those individuals with known biofilm disease is an area of potential future research.

Topical clindamycin {#section9-2040622319830646}
-------------------

Clindamycin is one of the pillars of treatments for Hurley stage 1 and 2 HS as outlined in European guidelines.^[@bibr6-2040622319830646],[@bibr40-2040622319830646]^ It is also one of the few treatments to be examined in randomized controlled trials in HS.^[@bibr13-2040622319830646]^ Overall, two randomized controlled trials have indicated the benefit of topical clindamycin over placebo^[@bibr41-2040622319830646],[@bibr42-2040622319830646]^ (Relative Risk \[RR\] = 0.72, 0.14--3.64) with a benefit in pain reduction, pustules, and inflammatory nodules, but no significant difference compared with tetracyclines.^[@bibr42-2040622319830646]^ Expert opinion considers it most beneficial for superficial pustules and solitary nodules, with recommendations to be used in the absence of deep-seated abscesses.^[@bibr14-2040622319830646],[@bibr43-2040622319830646]^ Clindamycin is a semisynthetic lincomycin derivative with a bacteriostatic effect through the inhibition of protein synthesis by 50S ribosomal binding.^[@bibr44-2040622319830646]^ It has broad Gram-positive cocci coverage and Gram-negative anaerobe coverage.^[@bibr44-2040622319830646]^ The direct antimicrobial effects of clindamycin may be relevant to HS, as *Porphyromonas* sp. and *Peptidophillus* sp. have high sensitivity to clindamycin.^[@bibr36-2040622319830646]^ Despite increasing reports of MRSA clindamycin resistance,^[@bibr44-2040622319830646]^ clindamycin has been shown to reduce the expression of virulence factors^[@bibr45-2040622319830646]^ including leucocidin, TSST01 and α-hemolysin. They also have direct effects on NF-κB and AP1 gene expression.^[@bibr45-2040622319830646]^ There are also *in vitro* reports of regulation of macrophage function, and response of neutrophils to chemokines.

Topical azelaic acid {#section10-2040622319830646}
--------------------

Azelaic acid is a topical organic acid, traditionally used in acne vulgaris and acne rosacea^[@bibr14-2040622319830646],[@bibr46-2040622319830646]^ but has recently been recommended for use in HS as an adjuvant with topical clindamycin, particularly in pediatric cases.^[@bibr14-2040622319830646]^ Azelaic acid functions through antifungal and bacteriostatic properties^[@bibr47-2040622319830646]^ but also has well-documented anti-inflammatory properties through the modulation of peroxisome proliferator-activated receptor (PPAR)-γ activity and reduction in IL-6, TNF-α and IL-1ß.^[@bibr48-2040622319830646]^ HS is associated with altered PPAR-γ signaling^[@bibr8-2040622319830646]^ and the use of azelaic acid in early-stage HS lends credence to the thought of inflammation precedes follicular occlusion in HS.^[@bibr8-2040622319830646]^

Topical retinoids {#section11-2040622319830646}
-----------------

Retinoids are a class of compounds, chemically related to vitamin A. Topical and systemic retinoids are used in HS based upon their known anti-inflammatory properties^[@bibr49-2040622319830646],[@bibr50-2040622319830646]^ and the underlying presumption that HS as a disorder of follicular occlusion and hyperkeratinization.^[@bibr51-2040622319830646]^ No formal evaluation of the efficacy of topical retinoids in HS exists.^[@bibr52-2040622319830646]^ Despite the follicular occlusion paradigm being brought into question,^[@bibr8-2040622319830646]^ third-generation topical retinoids (adapalene, tazarotene) have significant anti-inflammatory activity through suppression of macrophage response to LPS stimulation, TNF-α, Toll Like Receptor 2 (TLR2) on monocytes, MMP1, MMP9 and VCAM1.^[@bibr53-2040622319830646]^ All of these pathways are documented in the pathogenesis of HS^[@bibr8-2040622319830646]^ The degree of cytokine reduction from topical retinoids is modest (IL-12 reduction from 840 pg/ml to 420 pg/ml) when compared with lesional HS cytokine levels.^[@bibr8-2040622319830646]^ Further clinical studies are needed to assess the clinical efficacy of topical retinoids in early-stage HS.

Resorcinol {#section12-2040622319830646}
----------

Resorcinol is a benzenediol or phenol used as a chemical peeling agent as well as having antiseptic and antipruritic activity. The 15% resorcinol has been reported in one retrospective and one prospective study in HS.^[@bibr54-2040622319830646],[@bibr55-2040622319830646]^ Benefit was seen in patients with Hurley stage 1 and 2 disease, with twice daily application for 30 days with reduction in size of visible lesions, pain and erythema. The mechanism of action of resorcinol in HS is proposed to be keratolytic at the follicular infundibulum.^[@bibr54-2040622319830646]^ However, given the pharmacokinetics of the drug,^[@bibr16-2040622319830646]^ antiseptic properties dominate more than keratolytic activities at the concentrations used in HS. Resorcinol has potent antiseptic activity at a wide range of concentrations due to membrane damage resulting in K+ leakage, and direct uncoupling of oxidative phosphorylation^[@bibr16-2040622319830646]^ Some anti-inflammatory activities of resorcinol and related compounds have also been proposed, although are not described in detail.^[@bibr56-2040622319830646]^

Intralesional therapies {#section13-2040622319830646}
=======================

Intralesional triamcinolone {#section14-2040622319830646}
---------------------------

Intralesional triamcinolone is an effective rescue therapy to reduce the inflammation, pain and swelling from active nodules and abscesses in HS.^[@bibr57-2040622319830646],[@bibr58-2040622319830646]^ Uncontrolled case series have identified a reduction in physician-assessed erythema, suppuration and size^[@bibr57-2040622319830646]^ as well as the rates of systemic antibiotic therapy.^[@bibr58-2040622319830646]^ However, a recent placebo-controlled trial suggested that intralesional steroids were not superior to placebo (saline) injections.^[@bibr59-2040622319830646]^ This brings into question our understanding of the role of injections in symptom relief in HS as the benefit may be due to encourage spontaneous lesion rupture following injection rather than the pharmacological action of the steroid. Despite the lack of clarity regarding the mechanism of intralesional therapies in HS, oral corticosteroids are known to provide rapid relief in acute flares of HS and are beneficial as a low dose adjuvant with biologics and other immunomodulating agents. Therefore, the mechanisms of intralesional therapy in HS require further study.

Oral therapeutic agents {#section15-2040622319830646}
=======================

Anti-hyperglycemic agents {#section16-2040622319830646}
-------------------------

HS is positively associated with insulin resistance, even in multivariate analyses once adjusted for age sex and body mass index \[2.51 (0.18) *versus* 1.92 (0.21); *p* = 0.04\].^[@bibr60-2040622319830646],[@bibr61-2040622319830646]^ Hypoglycemic agents have been used in the management of HS and they have an important role as an adjuvant anti-inflammatory therapy and help to address underlying proinflammatory comorbidities in HS.^[@bibr62-2040622319830646]^ There is no evidence for their efficacy as a monotherapy^[@bibr62-2040622319830646]^ ([Table 3](#table3-2040622319830646){ref-type="table"}). They may also be vital in addressing microbiome-mediated inflammatory stimuli, given the role of short chain fatty acid and bile salt mediators, such as those produced in HS by *Porphyromonas* sp. and *Peptinophillus* sp.,^[@bibr63-2040622319830646]^ as stimuli in other chronic inflammatory dermatoses.^[@bibr64-2040622319830646],[@bibr65-2040622319830646]^ The proposed mechanisms of action include the inhibition of mTORC1 activity in metformin,^[@bibr66-2040622319830646]^ leading to a decreased expression of IL-6, TNF-α^[@bibr67-2040622319830646]^ as well as downregulation of Th17 activity and the NLRP3 inflammasome.^[@bibr68-2040622319830646]^ Liraglutide, a glucagon-like 1 peptide analogue, increases the expression of transforming growth factor (TGF)-ß1 and decreases IL-17 expression.^[@bibr69-2040622319830646]^ Dipeptidyl peptidase IV (DPP4) inhibitors reduce the metabolism of glucagon-like peptide. Members of this class include sitagliptin, saxagliptin and linagliptin.^[@bibr70-2040622319830646]^ They have the additional benefit of slowing gastric emptying and promoting weight loss. Other anti-hyperglycemic agents including PPAR-γ agonists^[@bibr71-2040622319830646]^ (pioglitazone, rosiglitazone) are known to decrease insulin resistance and decrease levels of IL-6, as well as having antiproliferative activity.^[@bibr71-2040622319830646]^ Given the known role of PPAR-γ in sebaceous gland atrophy in HS,^[@bibr8-2040622319830646]^ modulation of PPAR activity may be a future therapeutic avenue.

###### 

Mechanism of action of oral agents (including oral antimicrobials) in HS. Canonical effects are compared with documented anti-inflammatory effects proposed in HS. The quality of evidence regarding their use in HS is also listed in the far-right column.

![](10.1177_2040622319830646-table3)

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Oral therapy              Mechanism(s) of action                                                         Quality of evidence^[@bibr15-2040622319830646]^                                                                        
  ------------------------- ------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------- ---
  Metformin                 Decreased mTORC1 activity                                                      Decreased IL-6, TNF-α, TH17, NLRP3                                                                                     C

  DPP4 Inhibitors           Reduction of metabolism of GLP, slow gastric emptying, promote weight loss     Reduce adipose tissue associated TNF-α, IL-6 *via* NF-κB signaling                                                     C

  GP1 Analogues             Stimulate GP1 receptor                                                                                                                                                                                C

  PPAR-γ Agonists           Stimulate PPAR-γ activity                                                      Decrease IL-6 anti-proliferative activity                                                                              C

  Oral Contraception        Estrogen-response elements on gene transcription                               Dendritic cell, T-cell,\                                                                                               C
                                                                                                           possible role of 16-α estrogens NF-κB, AP-1, PI3/Akt pathway modulation                                                

  Finasteride               5-α reductase inhibitor                                                        IGF-1 dependent: possibly increased activity in insulin resistance/diabetic patients                                   C

  Spironolactone            Aldosterone antagonist                                                         Reduction in TNF-α, IL-6, NOS                                                                                          C

  **Oral antimicrobials**                                                                                                                                                                                                         

  Doxycycline               30S ribosomal inhibition                                                       Decreased IL-1, IL-6, IL-8, TNF-α, chemotaxis, lipo-oxygenase inhibition, MMP inhibition, NF-κB signaling inhibition   B

  Minocycline                                                                                              Downregulation of LPS-stimulated TLR2 activity; upregulated TIMP-1                                                     C

  Erythromycin              50S ribosomal inhibition                                                       Decreased IL-6, IL-8, TNF-α, GM-CSF activity. Downregulated AP-1 and NF-κB activity                                    C

  Clindamycin                                                                                                                                                                                                                     C

  Rifampicin                Controversial: glucocorticoid receptor,                                        Reduced iNOS transcription, reduced NF-κB activity. Reduces TH17 differentiation                                       C

  Ciprofloxacin             Inhibition of DNA gyrase and topoisomerase IV                                  Effects upon cAMP, NF-κB, AP-1, IL-8, IL-6 and gastrointestinal microbiome                                             C

  Moxifloxacin                                                                                             Reduction of IL-1ß, IL-8, TNF-α.\                                                                                      C
                                                                                                           Stabilization of IXb protein.\                                                                                         
                                                                                                           Suppresses NF-κB signaling.\                                                                                           
                                                                                                           Reduction in IL-17A                                                                                                    

  Metronidazole             Inhibition of nucleic acid synthesis                                           Impacts on gastrointestinal microbiome                                                                                 C

  Ertapenem                 Binding to Penicillin-binding proteins and disruption of cell wall synthesis   Reduction in IL-6, IL-12, TNF-α                                                                                        C

  Linezolid                 Inhibition of protein synthesis initiation                                     Reduction in IL-1β, IL-6, IL-8, TNF-α.\                                                                                C
                                                                                                           Possible ERK1/2 signaling modulation                                                                                   
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AP-1, activator protein 1; cAMP, cyclic adenosine monophosphate; GLP, glucagon like peptide; GM-CSF, granulocyte-macrophage colony-stimulating factor; HS, hidradenitis suppurativa; IGF-1, Insulin Like Growth Factor- 1; IL, interleukin; iNOS, inducible nitric oxide synthase; LPS, lipopolysaccharide; MMP, matrix metalloproteinase; NF-κB, nuclear factor kappa B; NOS, nitric oxide synthase; PPAR, peroxisome proliferator-activated receptor; TLR2, Toll-like receptor; TNF, tumor necrosis factor.

Hormonal therapies {#section17-2040622319830646}
------------------

The evidence for the association between HS and estrogens, progestins, and androgen activity is contradictory. Whilst an epidemiological association with polycystic ovarian syndrome is known^[@bibr72-2040622319830646]^ a recent systematic review did not identify a consistent hormonal abnormality in HS patients,^[@bibr73-2040622319830646]^ although alterations in hormone levels are associated with disease flares.^[@bibr73-2040622319830646]^ This has been well documented in perimenstrual, perimenopausal and postpartum women experiencing painful disease flares. It has been proposed that end-organ (follicular) activity of sex hormones may play a role in disease pathogenesis,^[@bibr74-2040622319830646]^ however immunohistochemical findings show no evidence of dysregulated sex hormone receptors in the lesional skin of HS patients compared with healthy controls.^[@bibr8-2040622319830646]^ Despite this lack of evidence, a clinical benefit is seen in HS patients with anti-androgen therapy, including finasteride, spironolactone, and antiandrogenic progestogens (cyproterone acetate, chlormadinone acetate, drospirenone;^[@bibr74-2040622319830646],[@bibr75-2040622319830646]^ [Table 3](#table3-2040622319830646){ref-type="table"}). It is acknowledged that variations in dosages and patient characteristics may confound the results of individual case reports; however, analysis of individual case reports in hormonal therapies is beyond the scope of this review. Sex hormones have immunomodulatory activity through their effects upon dendritic cells, T-cells maturation, differentiation, and suppression of the Th1 immune response.^[@bibr76-2040622319830646]^ Bimodal immune activity is dependent upon sex, the specific inflammatory site, the cytokine milieu and the endogenous sex hormone levels.^[@bibr76-2040622319830646],[@bibr77-2040622319830646]^ There is also evidence to suggest immune-modulating mechanisms of estrogens which are independent of canonical estrogen-response elements.^[@bibr76-2040622319830646],[@bibr77-2040622319830646]^ These include important immune pathways such as NF-κB, SP1 and AP1,^[@bibr76-2040622319830646],[@bibr77-2040622319830646]^ and signal transduction pathways including PI3K/AKT pathways^[@bibr77-2040622319830646]^ implicated in HS.^[@bibr78-2040622319830646]^ In line with other inflammatory rheumatological disorders, this may be mediated through estrogen metabolites (16-α estrogens), which are known to modulate local immune responses in arthritis and encourage the development of juxta-inflammatory adipose tissue and insulin resistance^[@bibr77-2040622319830646]^ both seen in HS. Hence, identification of 16-α estrogens is a potential biomarker candidate for individuals that may benefit from hormonal therapies in HS.

A number of case reports have documented clinical improvements in HS with finasteride, a 5-α reductase antagonist.^[@bibr79-2040622319830646]^ Anecdotally, Clark^[@bibr78-2040622319830646]^reports that finasteride is more effective in obese patients with HS. Given that 5-α reductase is insulin-like growth factor (IGF) 1-dependent, it is conceivable that finasteride may have increased benefits in individuals with insulin resistance or diabetes, although this has not been systematically investigated. Spironolactone is an aldosterone antagonist and has been associated with reduced inflammatory cytokine levels in various tissues,^[@bibr80-2040622319830646]^ as well as suppression of TNF-α, IL-6 and inhibition of NF-κB phosphorylation and nitric oxide synthesis,^[@bibr80-2040622319830646]^ although the precise mechanism in HS is not well described.

Antimicrobial therapies {#section18-2040622319830646}
=======================

Oral antibiotics {#section19-2040622319830646}
----------------

There is a steady shift away from considering HS as a disease of infectious etiology to a chronic inflammatory condition.^[@bibr1-2040622319830646],[@bibr19-2040622319830646]^ However the role of bacteria as either a driver of disease or a secondary bystander is unclear.^[@bibr19-2040622319830646],[@bibr81-2040622319830646]^ Alterations to the cutaneous microbiome do influence disease activity, but through an aberrant immune response rather than a traditional infectious response^[@bibr82-2040622319830646]^ Despite this, the role of antibiotics in HS is still seen by some patients and physicians as eliminating infection.^[@bibr83-2040622319830646]^ Examining the types of antibiotics used in HS ([Table 3](#table3-2040622319830646){ref-type="table"}) reveals that the most effective options include therapies with significant anti-inflammatory effect (carbapenems, aminoglycosides).

Tetracyclines in HS, which have shown clinical efficacy also have no effect on HS bacteriological cultures, suggesting an effect independent of bactericidal activity.^[@bibr84-2040622319830646]^

Tetracyclines {#section20-2040622319830646}
-------------

Tetracyclines are recommended for Hurley stage 1 or early-stage 2 disease^[@bibr6-2040622319830646],[@bibr40-2040622319830646]^ with one randomized controlled trial demonstrating no benefit compared with topical clindamycin.^[@bibr42-2040622319830646]^ Tetracyclines have well described anti-inflammatory activities aside from their antibacterial role through inhibition of the 30S ribosomal unit. Tetracyclines reduce IL-1, IL-6, TNF-α, and IL-8.^[@bibr85-2040622319830646]^ IL-8 is vital for inhibition of neutrophil chemotaxis, the inhibition of reactive oxygen species, MMPs and lipooxygenases.^[@bibr85-2040622319830646]^ This MMP-blocking ability is functional at submicrobial doses and in tetracyclines that have been altered to remove their antimicrobial activity.^[@bibr85-2040622319830646]^ Minocycline has the additional benefit of LPS-stimulated TLR2 inhibition and has similar reactive oxygen species scavenger activity to tocopherol (vitamin E). It also inhibits macrophage function through a reduction in oxidized lipids, upregulated tissue inhibitor of metalloproteinase (TIMP-1) and inhibits NF-κB signaling.^[@bibr86-2040622319830646]^

Rifampicin {#section21-2040622319830646}
----------

Rifampicin, in combination with clindamycin has been established as a beneficial treatment for HS.^[@bibr6-2040622319830646]^ The anti-inflammatory mechanism of action is controversial and may act *via* the corticosteroid receptor.^[@bibr87-2040622319830646]^ It also reduces the transcription of inducible nitric oxide synthase (iNOS) and competes with NF-κb for coactivator proteins and hence reduces NF-κB activity.^[@bibr87-2040622319830646]^ Rifampicin is also known to reduce TH17 differentiation and modulates T-cell responses.^[@bibr88-2040622319830646]^ From a proinflammatory standpoint it can also activate NF-κB and suppress PPAR-γ expression and activity.^[@bibr87-2040622319830646]^ This suppression of PPAR-γ only occurs in the presence of the proinflammatory cytokine milieu^[@bibr88-2040622319830646]^ although the clinical relevance of such data is unclear.

Clindamycin and erythromycin {#section22-2040622319830646}
----------------------------

Macrolide antibiotics function anti-microbially *via* the inhibition of the 50S ribosomal unit impairing bacterial protein synthesis.^[@bibr89-2040622319830646]^ Macrolides also alter the bacterial biofilm structure by altering polysaccharide synthesis. Other anti-inflammatory effects include the decreasing activity of TNF-α, IL-8, IL-6 and granulocyte-macrophage colony-stimulating factor (GM-CSF) in neutrophils and epithelial cells *via* the augmentation of activator protein 1 (AP-1) and NF-κB activity in the nucleus.^[@bibr89-2040622319830646]^ There is also some preliminary data suggesting augmentation of dendritic cell function with macrolides, with the effect varying between different forms of macrolide.^[@bibr89-2040622319830646]^ A combination of rifampicin-clindamycin has been a widely recommended treatment.^[@bibr6-2040622319830646]^ However, it has been recently proposed that rifampicin monotherapy may be sufficient for disease suppression and can be safely extended beyond the traditional 10-week mark, whilst the risks of *Clostridium difficile* infection remained elevated (coinciding with the use of clindamycin) during the 10 weeks of combined therapy.^[@bibr90-2040622319830646]^

Moxifloxacin {#section23-2040622319830646}
------------

Moxifloxacin is a fluoroquinolone antibiotic frequently used for the treatment of pneumonia^[@bibr91-2040622319830646]^ and is part of a recommended combination including rifampicin and metronidazole for disease control.^[@bibr42-2040622319830646]^ It has been demonstrated *in vitro* that moxifloxacin decreases activity of TNF-α, IL-8, IL-1ß *via* stabilization of the IXb protein and prevents translocation of NF-κB to the nucleus.^[@bibr91-2040622319830646],[@bibr92-2040622319830646]^ However, there is conflicting evidence regarding the clinical relevance of this anti-inflammatory activity. Animal models indicate that IL-1ß and IL-17A are reduced by moxifloxacin in the presence of viable bacteria, but not bacteria inactivated by heat.^[@bibr93-2040622319830646]^ Investigation in human models is needed to clarify the relevance of these results.

Metronidazole {#section24-2040622319830646}
-------------

As metronidazole is used as an adjuvant in therapy with moxifloxacin and rifampicin, the individual contribution of this drug to inflammation in HS is unclear. One unique aspect of metronidazole in comparison with other antibiotics used for the management of HS, is that is has well-documented impacts upon the gastrointestinal microbiome, resulting in metabolic dysregulation predisposing to obesity and insulin resistance.^[@bibr64-2040622319830646],[@bibr65-2040622319830646],[@bibr94-2040622319830646]^ Therefore in addition to the anti-inflammatory mechanisms of antibiotics in HS, microbiome alterations may also have indirect anti-inflammatory effects in HS.

Intravenous antibiotics {#section25-2040622319830646}
=======================

The intravenous antibiotics ertapenem and linezolid have been reported as highly effective in chronic recalcitrant HS^[@bibr95-2040622319830646],[@bibr96-2040622319830646]^ as a temporary bridge to definitive surgical management. Both drugs are known to have significant effects on the gut microbiota.^[@bibr95-2040622319830646],[@bibr96-2040622319830646]^ Despite its efficacy during the initial 6-week course of therapy, relapses and flares are commonly reported after treatment cessation, requiring ongoing intermittent dosing, which raises concerns regarding emerging resistance of *Pseudomonas* sp. and *Enterobacteriaceae* sp.^[@bibr97-2040622319830646]^ The shared anti-inflammatory activities of both agents include a reduction in IL-6, IL-12, TNF-α, as well as reduced activity of macrophages.^[@bibr95-2040622319830646],[@bibr97-2040622319830646],[@bibr98-2040622319830646]^ The risk of antibiotic resistance needs to be weighed against the efficacy of alternative anti-inflammatory therapies in the use of these therapies in HS.

Systemic immunomodulators and biologics {#section26-2040622319830646}
=======================================

Given the recognized role of inflammation in the pathogenesis of HS,^[@bibr8-2040622319830646]^ systemic immunosuppression has been tested in HS with variable success ([Table 4](#table4-2040622319830646){ref-type="table"}). The overall level of evidence for systemic immunosuppression in HS is low,^[@bibr13-2040622319830646]^ with high-level evidence such as randomized controlled trials (RCTs) only available for etanercept^[@bibr99-2040622319830646]^ adalimumab,^[@bibr100-2040622319830646]^ infliximab,^[@bibr101-2040622319830646]^ anakinra,^[@bibr102-2040622319830646]^ apremilast^[@bibr103-2040622319830646]^ MABp1^[@bibr104-2040622319830646]^ and bermekimab (IFX-1).^[@bibr105-2040622319830646]^

###### 

Effects of systemic immunomodulators in HS including assessment of the quality of evidence in each therapy.

![](10.1177_2040622319830646-table4)

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Systemic immunomodulator   Mechanism of action                                          Quality of evidence^[@bibr15-2040622319830646]^                                                                                                                
  -------------------------- ------------------------------------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------
  Methotrexate               Dihydrofolate reductase inhibitor                            Correction of FoxP3/Treg function leading to correction of TH17/Treg ratio                                                                                     C

  Cyclosporine               Calcineurin inhibitor                                        JNK p53 NFAT inhibitor, specific inhibitor of T-cells                                                                                                          C

  Acitretin                  ATRA prodrug:\                                               Alteration in AP-1, NF-κB transcription,\                                                                                                                      C
                             RXR/RAR nuclear transcription factors.                       Promotes conversion of naïve T-cells to Foxp3 regulatory T-cells                                                                                               

  Isotretinoin               C                                                                                                                                                                                                                           

  Dapsone                    Reduction in superoxide production and neutrophil function   Reduction of neutrophil chemotaxis and oxidative damage                                                                                                        C

  Apremilast                 PDE4 inhibitor, reducing intracellular cAMP                  Direct effect on T-cells dendritic cells, macrophages and monocytes, reducing IFN-γ and IL-2. Increases IL-10                                                  B

  INCB 57407                 JAK1 inhibitor                                               Multiple sites of action including suppression of inflammatory activity through alteration in gene regulation and expression in keratinocytes and leukocytes   Trials ongoing\
                                                                                                                                                                                                                                                         NCT 03607487
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

cAMP, cyclic adenosine monophosphate; HS, hidradenitis suppurativa; IFN, interferon; IL, interleukin; NCT, ClinicalTrials.gov identifier; PDE4, phosphodiesterase 4; Treg, T regulator cell.

Colchicine {#section27-2040622319830646}
----------

Colchicine is an anti-inflammatory agent used in the treatment of gout as well as autoinflammatory conditions including familial Mediterranean fever.^[@bibr106-2040622319830646]^ It functions *via* inhibition of tubulin polymerization, neutrophil function, suppression of NALP3 inflammasome, dendritic cell maturation as well as VEGF, S100A8, S100A9, NF-κB and Caspase 1.^[@bibr106-2040622319830646],[@bibr107-2040622319830646]^ It has demonstrated some benefit in prospective trials in HS,^[@bibr107-2040622319830646]^ however as in gout, it is limited by gastrointestinal side effects.

Methotrexate {#section28-2040622319830646}
------------

Methotrexate has been reported in open-label studies but has not demonstrated any significant improvement in the degree of inflammation or frequency of flares in HS.^[@bibr108-2040622319830646]^ Methotrexate is useful in the prevention of autoantibodies in the setting of adalimumab and infliximab therapy;^[@bibr109-2040622319830646]^ however there is no indication in the literature that adjuvant methotrexate has a significant impact upon disease control in HS. Despite the fact that methotrexate has been shown to restore expression of FOXp3 and Treg function,^[@bibr110-2040622319830646]^ methotrexate is reported as of 'limited value' for the treatment of HS^[@bibr108-2040622319830646]^ with no patients in one prospective study demonstrating any improvement with the drug. This is suggestive that whilst Th17/Treg homeostasis is involved in the pathogenesis of HS,^[@bibr67-2040622319830646]^ either it is not the sole inflammatory mechanism, or only a specific patient population may benefit from methotrexate therapy.

Cyclosporine {#section29-2040622319830646}
------------

Cyclosporine therapy has been reported to result in substantial improvement in recalcitrant HS^[@bibr111-2040622319830646]^ however the true efficacy is difficult to discern given the co-administration of prednisolone and oral antibiotics in many cases.^[@bibr112-2040622319830646]^ The largest case series of 18 patients included only 2 patients who reported clinically significant improvement.^[@bibr112-2040622319830646]^ Putative mechanisms include the suppression of IL-2 and interferon (IFN)-γ *via* the known mechanisms of calcineurin inhibition in cyclosporine.^[@bibr113-2040622319830646]^ Where cyclosporine was co-administered with antibiotics it was unable to be elucidated whether the therapeutic effect was due to cyclosporine potentiating the effect of antibiotics (*via* CYP3A4) or the additive effects of both agents.

Acitretin and isotretinoin {#section30-2040622319830646}
--------------------------

Acitretin has been used in HS in various case series, with contradictory reports of success. A review by Blok and colleagues^[@bibr114-2040622319830646]^ reported an improvement rate of 73%; however, a recent series by Tan and colleagues reported no improvement with acitretin monotherapy.^[@bibr115-2040622319830646]^ A prospective study by Matusiak^[@bibr116-2040622319830646]^ showed up to half of patients treated showed some improvement in symptoms, with a large proportion of stage 1 and 2 patients demonstrating improvement.^[@bibr116-2040622319830646]^ Regarding the mechanisms of acitretin in HS, acitretin has been demonstrated to reduce the level of TH17 cells and serum IL-17 levels in psoriasis^[@bibr114-2040622319830646]^ and also contributes to re-stabilizing the Th17/Treg imbalance proposed to be central to inflammation in the disease.^[@bibr67-2040622319830646]^ The tolerability of treatment with retinoids has been hampered by the high dosages needed to sustain ongoing improvements.

Isotretinoin has been reported to have a moderate to significant improvement in younger, female patients with facial acne^[@bibr114-2040622319830646],[@bibr117-2040622319830646]^ however no clinical benefit has been seen in Hurley stage 3 patients. Its mechanism of action in acne has been reported to be mediated by multiple metabolites, including *via* the RXR-γ receptor leading to reduction in the size of the sebaceous glands. Given the known atrophy of sebaceous glands in established HS^[@bibr8-2040622319830646]^ it is more likely that it exerts an effect through immunomodulatory mechanisms. It is known that all-trans retinoic acid (of which isotretinoin is a prodrug) modulates the function of T-cells and monocytes,^[@bibr118-2040622319830646]^ particularly the induction of TH17 cells *via* IL-6.^[@bibr67-2040622319830646]^

Dapsone {#section31-2040622319830646}
-------

Dapsone, similarly to retinoids, provides improvement in mild HS and has no documented response in severe Hurley stage 3 disease.^[@bibr119-2040622319830646]^ Dapsone functions *via* anti-inflammatory and bacteriostatic properties.^[@bibr120-2040622319830646]^ Given the sulfone-sensitive nature of microbial flora in HS,^[@bibr63-2040622319830646]^ it is possible that the mechanism of action of dapsone may be contributed to by some antimicrobial effect. The anti-inflammatory effect of dapsone is mediated by suppression of superoxide production and it also downregulates the LPS-stimulated production of TNF-α and IL-8.^[@bibr120-2040622319830646]^ As both of these cytokines are prevalent in HS,^[@bibr8-2040622319830646]^ this could provide a mechanism for the partial response to dapsone. Dapsone is also known to reduce neutrophil chemotaxis^[@bibr120-2040622319830646]^ which may explain the additional effect in early-stage disease.

Apremilast {#section32-2040622319830646}
----------

Apremilast is a phosphodiesterase 4 (PDE4) inhibitor currently used in psoriasis and psoriatic arthritis.^[@bibr121-2040622319830646]^ It has been explored as a potential treatment in other inflammatory conditions including HS, with one RCT^[@bibr104-2040622319830646]^ of 20 patients, with 53% achieving the hidradenitis suppurativa clinical response (HiSCR) at week 16. The mechanism of apremilast is the accumulation of intracellular cyclic adenosine monophosphate (cAMP) resulting in protein kinase A activation and the regulation of multiple transcription factors including activating transcription factor 1 (ATF-1), CREB-binding protein and NF-κB, which results in the decreased production of IFN-γ and IL-2. IL-10 is also increased with reduced stimulation of T-cells, monocytes and macrophages.^[@bibr121-2040622319830646],[@bibr122-2040622319830646]^ Given the diversity of the effects of apremilast this may be a promising avenue of investigation for the treatment of the inflammatory dysregulation in HS and shows a promising effect in well-established disease.

Vitamins, supplements and alternative treatments {#section33-2040622319830646}
================================================

Vitamins and supplements including zinc,^[@bibr123-2040622319830646]^ myo-inositol,^[@bibr124-2040622319830646]^ folic acid^[@bibr124-2040622319830646]^ and magnesium^[@bibr124-2040622319830646]^ have been reported in individual case reports in HS; however, there is no evidence to suggest increased efficacy over antibiotic therapy.^[@bibr124-2040622319830646]^ There are also significant risks of toxicity and adverse effects with high dosages.^[@bibr125-2040622319830646]^ In instances where anti-inflammatory activity has been identified, no link to clinically significant response has been seen that could not be accounted for by placebo.^[@bibr123-2040622319830646],[@bibr124-2040622319830646]^ Overall, further investigation is needed into the mechanisms and role of alternative therapies in HS.

Monoclonal antibodies (biologics) {#section34-2040622319830646}
=================================

Monoclonal antibody therapy has revolutionized the treatment of chronic inflammatory disorders, such as psoriasis, rheumatoid arthritis and inflammatory bowel disease.^[@bibr126-2040622319830646]^ Adalimumab is currently the only US FDA-approved monoclonal biologic therapy for HS,^[@bibr100-2040622319830646]^ however a wide variety of monoclonal antibodies have been trialed as a therapy in HS ([Table 5](#table5-2040622319830646){ref-type="table"}), including in current phase II clinical trials. Response rates vary between therapies, and given the specific targets of these drugs, this variation offers insights into important pathogenic pathways in HS. It may also confirm or refute the concept of pathogenic heterogeneity in HS.^[@bibr127-2040622319830646]^

###### 

Monoclonal antibodies reported in HS including drugs under investigation.

![](10.1177_2040622319830646-table5)

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Monoclonal antibody             Mechanism(s) of action      Quality of evidence^[@bibr15-2040622319830646]^                                                                      
  ------------------------------- --------------------------- -------------------------------------------------------------------------------------------------------------------- -----------------
  Adalimumab                      TNF-α                       Reduction in TNF-α\                                                                                                  A
                                                              associated inflammation as well as keratinocyte-mediated feed-forward mechanisms.                                    

  Etanercept                      TNF-α                                                                                                                                            B

  Infliximab                      TNF-α                                                                                                                                            B

  Anakinra                        IL-1R                       Interruption of keratinocyte-mediated feed-forward mechanisms as well as microbiome-associated inflammatory drive.   B\
                                                                                                                                                                                   NCT 01516749\
                                                                                                                                                                                   NCT 01558375

  Bermekimab (MABp1)              IL-1α                                                                                                                                            B\
                                                                                                                                                                                   NCT 02643654

  Secukinumab                     IL-17A                      Preferential suppression of keratinocyte-induced feed-forward mechanisms and correction of Th17/Treg dysfunction     Trials ongoing\
                                                                                                                                                                                   NCT 03099980

  Bimikizumab                     IL-17A / IL-17F                                                                                                                                  Trials ongoing\
                                                                                                                                                                                   NCT 03248531

  Ixekizumab                      IL-17A                                                                                                                                           C\
                                                                                                                                                                                   (case reports)

  Ustekinumab                     IL-12 /IL-23\                                                                                                                                    Trials ongoing\
                                  p40 subunit                                                                                                                                      NCT 01704534

  Guselkumab                      IL-23                                                                                                                                            Trials ongoing\
                                                                                                                                                                                   NCT 03628924

  IFX-1                           C5a                         Indirect suppression of TNF-α *via* upstream pathways                                                                Trials ongoing\
                                                                                                                                                                                   (NCT 03001622)

  Efalizumab                      LFA-1                       Interruption of ICAM-1-mediated inflammation\                                                                        NCT 00134134
                                                              No improvement in prospective trial (*n* = 5)                                                                        

  **Drugs under investigation**                                                                                                                                                    

  MEDI8968                        IL-1 receptor I inhibitor   Interruption of keratinocyte-mediated feed-forward mechanisms as well as microbiome-associated inflammatory drive.   Trials ongoing\
                                                                                                                                                                                   NCT 01838499

  CJM112                          IL-17A inhibitor            Preferential suppression of keratinocyte-induced feed-forward mechanisms and correction of Th17/Treg dysfunction     Trials ongoing\
                                                                                                                                                                                   NCT 02421172
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

HS, hidradenitis suppurativa; IL, interleukin; NCT, ClinicalTrials.gov identifier; PDE4, phosphodiesterase 4; TNF, tumor necrosis factor; Treg, T regulator cell.

Elevated levels of TNF-α, IL-17, IL-1 and C5a have been identified in lesional tissue of HS patients^[@bibr8-2040622319830646]^ and this has been the justification for selective targeting of these inflammatory pathways. TNF-α, as a nonspecific inflammatory cytokine, has inferior clearance and response rates to other therapies such as IL-17 and IL-23 inhibitors in psoriasis^[@bibr128-2040622319830646]^ and the hope is that, similarly to psoriasis, novel HS-specific therapeutic targets will be identified for which monoclonal antibodies can be developed. TNF-α has broad anti-inflammatory effect including modulating the activity of dendritic cells, monocytes and neutrophils.^[@bibr128-2040622319830646]^

The role of IL-17 inhibition in HS is currently under investigation in multiple phase II clinical trials ([Table 5](#table5-2040622319830646){ref-type="table"}). The underlying premise behind IL-17 inhibition includes the presence of Th17 cells in HS lesional tissue,^[@bibr8-2040622319830646]^ the role of IL-22, IL-17 and IL-23 in promoting the epidermal hyperplasia seen in HS^[@bibr8-2040622319830646]^ and evidence from case reports of efficacy of IL-17 blockade in HS.^[@bibr129-2040622319830646],[@bibr130-2040622319830646],[@bibr131-2040622319830646]^ Strong IL-17 signals are seen more in moderate and severe disease,^[@bibr8-2040622319830646]^ so IL-17 may be beneficial in patients where TNF-α therapy has failed. A concern with the use of IL-17 antagonism in HS, however, is the association of HS with inflammatory bowel disease (IBD)^[@bibr131-2040622319830646]^ and the inefficacy (and paradoxical worsening of disease) with IL-17 blockade in RCTs of IBD.^[@bibr132-2040622319830646]^ Interestingly, genetic studies identified the absence of a minor allele (TNF-like ligand 1A) which was associated with a lack of response in these patients.^[@bibr132-2040622319830646]^ Therefore, if IL-17 blockade does demonstrate an effect in HS, there may be pharmacogenomic indicators which may predict benefit in patients with HS and IBD. This would be an interesting area of further research.

Novel agents including IFX-1,^[@bibr104-2040622319830646]^ targeting C5a anaphylatoxin, are purported to indirectly suppress TNF-α activity in HS. An RCT including 20 patients demonstrated response rates of 60% compared with 10% for placebo.^[@bibr104-2040622319830646]^ C5a signaling is also involved in IL-17 and IL-23 signaling through the modulation of dendritic cell activity.^[@bibr133-2040622319830646],[@bibr134-2040622319830646]^ However, the unaffected section of the complement cascade involving C5b-9 and membrane attack complex activation leads to multiple signal transduction activity including PI3K/Akt activation, STAT3 phosphorylation and cDC2 activation.^[@bibr132-2040622319830646]^ The cDC2 activity mediates TNF-α activity as well as the modulation of transforming growth factor (TGF)-ß activity but does not block IL-22 production, which mediates Th17 activity.^[@bibr133-2040622319830646],[@bibr134-2040622319830646]^ This mechanism may explain persistent inflammation in patients not responsive to IFX-1 and C5a blockade,^[@bibr104-2040622319830646]^ but also gives hope that IFX-1 may be more effective in patients with more advanced (Hurley stage 3) disease with fistulae, hypertrophic scarring and high TGF-ß activity.^[@bibr8-2040622319830646]^

IL-1 blockade has been trialed in HS with the use of anakinra,^[@bibr102-2040622319830646]^ an IL-1R antagonist and more recently with bermekimab^[@bibr105-2040622319830646]^ a fully human anti-IL-1α antagonist. Both drugs have been investigated in RCTs ([Figure 3](#fig3-2040622319830646){ref-type="fig"}) with response rates of 78%^[@bibr102-2040622319830646]^ and 60%^[@bibr105-2040622319830646]^ respectively. Cytokines of the IL-1 family (IL-1α, IL-1ß, IL-1R and IL-33) are important mediators of T-cell recruitment in inflammatory skin disease.^[@bibr8-2040622319830646],[@bibr135-2040622319830646]^ It also has significant potential for activation of fibroblasts which may be involved in the development of scarring and fistulae in HS.^[@bibr8-2040622319830646],[@bibr135-2040622319830646]^ The disparate rates in clinical response between anakinra and bermekimab also suggests that other members of the IL-1 family (such as IL-18 or IL-33) may be involved in HS which are targeted by anakinra but not by bermekimab.^[@bibr135-2040622319830646]^

![Reported proportion of response in different RCTs in HS.\
HS, hidradenitis suppurativa; RCT, randomized controlled trial.](10.1177_2040622319830646-fig3){#fig3-2040622319830646}

Ustekinumab has been reported in a case reports^[@bibr136-2040622319830646]^ and an open-label study^[@bibr137-2040622319830646]^ as a therapy for HS, and elevation of IL12p40 has been identified in HS.^[@bibr8-2040622319830646]^ Response rates (HiSCR) are reported as 47% with a positive response associated with low levels of LTA4H (leukotriene A4 hydrolaze)^[@bibr137-2040622319830646]^ suggesting the activity of ustekinumab is more beneficial in the presence of active leukocyte activity,^[@bibr138-2040622319830646]^ seen in early rather than advanced disease. Efalizumab (Raptiva^®^) has been investigated in a small cohort study^[@bibr139-2040622319830646]^ of five women with moderate to severe, treatment-refractory HS. None of the individuals reported improvement of their symptoms.^[@bibr139-2040622319830646]^ Efalizumab functions through the blocking the actions of LFA-1 (leukocyte function associated antigen 1), including ICAM-1 binding, ICAM-1 has been identified as involved in the inflammatory mechanisms of HS^[@bibr8-2040622319830646]^ and is suggested to be involved in *Porphyromonas* and *Peptinophillus*-mediated inflammatory stimulation, including in the development of fistulae. Blockage of ICAM-1 binding to leukocytes may potentiate the epithelial activity of ICAM-1 leading to increases in epithelial-associated inflammation, accounting for the worsening of disease seen in these patients.^[@bibr139-2040622319830646]^

Other medications currently under investigation in clinical trials include JAK1 inhibitors, which, through IL-6 uncoupling, may ameliorate IL-22-mediated inflammation as well as potentially the progression of scarring as is seen in other disorders including chronic GvHD.^[@bibr140-2040622319830646]^ However, given the contribution of Th1 and Th17 to inflammation in HS,^[@bibr8-2040622319830646]^ it may be that combination of JAK1 and JAK2 inhibition may be required in HS.^[@bibr141-2040622319830646]^

Translating therapy into disease mechanisms {#section35-2040622319830646}
===========================================

The common pathways implicated in topical, systemic and immunomodulatory therapies are illustrated in [Figure 2](#fig2-2040622319830646){ref-type="fig"}. Significant differences exist between the agents and implicated pathways in therapy for mild as opposed to severe disease. This is an expression of the possible dichotomy in inflammatory pathways (and hence varying responses to treatment) that exists in HS.

A common theme in multiple agents recommended for use in mild to moderate disease is the augmentation of the NF-κB pathway as well as other inflammatory cytokines including TNF-α and IL-6, whether this be through topical or oral antibiotic therapy. This nonspecific inflammatory pathway, as well as the favorable rates of remission in mild HS, suggest that the disease in this stage is comparable to the chronic, relapsing inflammatory disorders including psoriasis and atopic dermatitis, which we are able to treat effectively. Continuous therapy can control the disease, but therapy must be balanced against adverse effects, patient preference and potential long-term sequelae. The role of 16-α estrogens as a potential biomarker for the utility of hormonal therapy in HS is also an area requiring further study.

The role of bacteria in HS is still controversial; however, what is agreed upon is that the inflammatory component of HS is likely to be an aberrant response to a dysbiotic cutaneous microbiome.^[@bibr19-2040622319830646],[@bibr63-2040622319830646]^ In early disease, antibacterial actions may have an effect upon the disease process, but the evidence to date suggests that the majority of effects are due to anti-inflammatory alterations. The bacteriostatic effect of antibacterial treatments may also indicate that bacterial virulence factors (which are not eliminated by bacteriostatic effects) may also play a role in the pathogenesis of disease. There is a moderate impact on biofilm formation and prevalence, and the incomplete elimination of biofilms may contribute to disease recurrence along with the presence of a chronic feed-forward inflammatory drive. Despite this, the only proven major benefit of antibacterial therapies are the prevention of secondary colonization of impaired skin. These results are in direct conflict with the follicular occlusion paradigm in HS and implies that inflammation precedes occlusion, as in acne vulgaris. This is also supported by immunohistochemical studies of HS.^[@bibr8-2040622319830646]^

When HS presents (or progresses) to moderate and severe disease (presence of scarring, fistulae and draining sinuses), therapeutic escalation to systemic immunomodulatory therapies and intravenous antibiotic therapies commonly ensues. It is difficult to untangle the role of the microbiome in moderate to severe HS, however, one hypothesis that high dose antibiotics, through profound changes in the gastrointestinal microbiome, may influence systemic inflammation, is captivating. The (albeit limited) benefit of systemic agents such as retinoids suggest that NF-κB and AP-1 transcription factors^[@bibr142-2040622319830646],[@bibr143-2040622319830646]^ still play a central role in the inflammatory cascade of more advanced HS. However, the lack of efficacy of other therapies including hormonal therapies, methotrexate and cyclosporine suggest that other self-perpetuating inflammatory mechanisms are involved.

Studies involving monoclonal antibodies provide the greatest insight into what these specific mechanisms may be. The varying levels of clinical efficacy compared with placebo ([Figure 3](#fig3-2040622319830646){ref-type="fig"}) bolsters the suggestion that differential inflammatory pathways may be involved in different presentations of disease. Within studies, particularly with adalimumab,^[@bibr100-2040622319830646]^ the rates of efficacy were reduced for Hurley stage 3 patients than Hurley stage 2 patients. This is in contrast to bermekimab^[@bibr105-2040622319830646]^ and anakinra,^[@bibr102-2040622319830646]^ where response rates are highest; and the proportion of Hurley stage 3 patients are significantly higher. It is unclear whether IL-17 blockade will have similar results to TNF-α inhibition in HS (with greater benefit in mild disease as opposed to severe disease), or whether due to the augmentation in epithelial hyperplasia, keratinocyte-mediated feed-forward mechanisms may be interrupted, leading to similar response rates to IL-1 blockade (with greater utility in severe disease). Small molecule targets such as apremilast and JAK inhibition have the potential to be useful monotherapies and adjuvants and further clinical trials are sorely needed.

The significant placebo rates (up to 30%) in HS RCTs serve as a caveat to the interpretation of small degrees of clinical improvement in HS. Due to the lack of controlled, untreated natural history studies in HS, the rates of spontaneous resolution of lesions are difficult to discern in comparison with other chronic inflammatory skin diseases, such as atopic dermatitis and psoriasis. An additional complicating factor is the proinflammatory contribution of metabolic comorbidities (such as diabetes and obesity).^[@bibr8-2040622319830646]^ Subgroup analysis in existing studies is unreliable due to small patient numbers, however it is feasible that specific therapies may be more beneficial in HS patients with specific comorbidities due to the specific cytokine stimulation caused by other comorbid conditions present in these patients.

Conclusion {#section36-2040622319830646}
==========

Examining the therapeutic mechanisms in treatments for HS has identified a potential dichotomy in inflammatory processes between mild to moderate and moderate to severe disease. NF-κB, TNF-α and other innate immune mechanisms are strongly represented in treatments which are effective in mild to moderate disease in the absence of scarring or draining fistulae (Hurley stage 1 and Hurley stage 2 disease); however, complex feed-forward mechanisms in severe disease (Hurley stage 2 to Hurley stage 3) respond to IL-1 inhibition but are less likely to respond to innate immune inhibition (through NF-κB or TNF-α) alone. It is unclear whether IL-17 inhibition will parallel TNF-α or IL-1 inhibition in effect; however, it is plausible that small molecule targets may provide an effective new strategy. It is also plausible that personalized treatment regimens based upon comorbidities and genetic variants will be essential to identify the most effective therapy for HS patients.
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